We describe here the characterization and expression analysis of the oil palm GLO7A gene encoding a 7s globulin protein.
Introduction
The deposition of storage proteins during seed maturation is an important feature of the higher plant life cycle, and plays a key role in determining reproductive success. During the development of the seed, a wide range of molecules needed for successful seedling establishment and, in some cases, the maintenance of viability during a quiescent period, are synthesized and deposited. The importance of the seed maturation process is illustrated by the often-striking differences observed between zygotic embryos and somatic embryos produced in vitro. The latter often fail to accumulate in sufficient quantities the various types of proteins associated with maturity of the zygotic embryo. More specifically, somatic embryos are often far less tolerant to desiccation 'h I $1 than their zygotic counterparts, whilst suffering at the same time from a lack of reserves needed for a successful transition to full autotrophic growth (Roberts et al. 1990 , Etienne et al. 1993 . This difference in the behaviour of somatic and zygotic embryos is well illustrated by the oil palm (Elaeis guiizeensis Jacq.), for which somatic embryogenesis has already been used for the multiplication of elite genotypes. Oil palm somatic embryos produced by existing protocols do not acquire the maturity of zygotic embryos as they exhibit reduced deposition of storage proteins (Morcillo et al. 1998a) . To study the mechanisms underlying the acquisition of embryonic maturity in oil palm, we have focused our studies on the role of storage proteins as potential markers Abbreviations -ABA, abscisic acid; BA, 6-benzyladenine;'WÄP, weeks after pollination.
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' Ex: i l of the mature state. A combination of molecular and biochemical approaches has been used to perform comparative studies on oil palm somatic and zygotic embryos, the latter acting as a useful model on which to study the maturation process. The improvement of storage protein accumulation in somatic embryos would be expected to result in increased plantlet vigour, as an increased availability of endogenous reserves should allow a more successful transition to autotrophy.
As is typical in monocotyledonous species, 7s globulins are the predominant storage protein group in oil palm zygotic embryos (Morcillo et al. 1997) . They are heterogeneous oligomers (molecular mass of 150 and 200 kDa) comprising 3 polypeptide species ranging in mass between 45 and 65 kDa. N-terminal sequences obtained for two of the latter polypeptides have been found to display similarities with, amongst others, those of vicilin-like proteins from maize embryos (Morcillo et al. 1998b) . A study of 7s globulin accumulation during oil palm zygotic embryo development (Morcillo et al. 1998a) showed that their accumulation takes place mostly between 14 and 17 weeks after pollination (WAP) .
Western blotting studies have also enabled the detection of 7s globulins in somatic embryos (Morcillo et al. 1998a) , where their abundance as measured using an ELISA-based method, was 80 times lower than that of zygotic embryos. Thus, to improve embryo maturation, we investigated the effects on protein accumulation of modifying the culture conditions. The first study conducted involved examining the effects of direct precursors of 7s globulin synthesis, glutamine and arginine, the major amino acid components of 75 globulins (Morcillo et al. 1999) . The addition to the culture medium of either of the 2 amino acids resulted in a significant increase in the amount of salt-soluble proteins in somatic embryos; however, the exact effect obtained was different in each case. Indeed, only arginine produced an increase in 7s globulin content on a per dry weight basis.
Moreover, the 7s globulins and salt-soluble proteins observed were still considerably less abundant than those seen in the zygotic embryo.
The treatment of somatic embryos with molecules likely to act indirectly upon storage protein synthesis, such as abscisic acid (ABA) or osmotica, has been found to be efficient in promoting the accumulation of storage products and the subsequent maturation of embryos in a number of plant species (Merkle et al. 1995 , Yeung 1995 . For oil palm, previous experiments have shown a positive effect of ABA and sucrose on the accumulation of both total soluble proteins and, more specifically, 7s globulins (Morcillo et al. 1998b) . However, as with arginine and glutamine treatments, the amounts of storage protein observed were still low as compared with those seen in zygotic embryos.
To obtain a wider picture of how storage protein synthesis is regulated in zygotic and somatic embryos of oil palm, we carried out parallel studies on steady state transcript and protein accumulation. To this end, we isolated a cDNA clone, GLO7A, for use as a probe in northern hybridization studies. Moreover, we have also cloned and studied the GLO7A promoter sequence in ordfer to identify any potential conserved sequence elements, which might shed light on its mode of regulation. RNA and protein studies have been performed to test the combinational effects of the various treatments mentioned above which had been previously found to influence protein accumulation in oil palm somatic embryos.
Materials and methods
Zygotic embryos were extracted from seeds collected from the progeny of an oil palm (Elaeis guiizeensis Jacq.) dura x pisifera cross (Deli x La Mé origin) kindly supplied by the CNRA La Mé Research Station in Côte d'Ivoire. For the construction of the /z cDNA library, 14-24 week zygotic embryos were generously provided by F. Aberlenc (IRD Montpel1ier)l from fruits kindly supplied by Pobé Research Station (Benin). Somatic embryos were regenerated from oil palm embryogenic suspension cultures of the clonal line LMC 221. The latter was initiated from a palm originating from the same cross as the zygotic embryos.
Isolation of a globulin cDNA from zygotic embryos
All standard cloning procedures used in this study were carried out essentially as described by Sambrook et al. (1989) unless otherwise indicated. A mini-cDNA library was constructed using poly(A) + RNA extracted from the 14-18 week zygotic embryos. For this purpose, Amersham Pharmacia Biotech (Amersham, UK) Timesaver cDNA synthesis kit was used in conjunction with the plasmid vector pT7T3D (Life Technologies, Madison, WI, USA). A total of 600 individual clones obtained in this way were screened by colony hybridization (Grunstein and Hogness 1975) using a 32P-radiolabelled probe synthesized by the reverse transcription of poly(A) + RNA from 14-18 week zygotic embryos. This enabled the identification of cDNAs corresponding to abundant mRNAs. Following automated DNA sequencing, one of the selected clones (641) was identified using the NCBI Blast program (Altschul et al. 1990 ) as containing a truncated 7s globulin cDNA. The latter was used to screen a second cDNA library constructed from 14-24 week zygotic embryos in the vector Lambda ZAP11 (Stratagene, La Jolla, CA, USA). In this way, a putative full-length 7 s globulin cDNA, GLO7A, was obtained.
Isolation of genomic DNA and Southern hybridization
Genomic DNA was isolated from leaves of oil palm as described by Rival et al. (1998) and digested with the restriction enzymes BainHI and EcoRI prior to agarose gel electrophoresis and Southern blotting and hybridization. The hybridization was carried with a 3'P-radiolabelled DNA probe obtained from the PCR amplified insert of the 641 clone.
Isolation of the of GLO7A gene promoter
The full-length GLO7A cDNA sequence was used to design two antisen:se primers for the PCR amplification of the genomic 5' flanking region. A Universal GenomeWalker kit (Clontech, Palo Alto, CA, USA) was used for this puI;pose.
A fragment of 1 kb thus obtained was cloned using an TOPO-TA cloning kit (Invitrogen, Carlsbad, CA, USA) and sequenced. The identification of potential cis-acting promoter elements was carried out with the help of the CARE server (Belgium).
RNA preparation and northern hybridization analysis
Total RNA was extracted from zygotic embryos of developmental stages 13-25 weeks using a method modified from that Lamb et al. (1985) . Embryos were ground in liquid nitrogen and homogenized in an extraction buffer [50 m M Tris-HC1, pH 9, 150 m M NaCl, 5 m M EDTA, 5% (w/v) SDS]. The homogenate was subjected to 3 successive extractions with 1:l (v/v) phenol:chloroform, after which the RNA was precipitated by the addition of 1/25 volume of 5 M NaCl and 2.5 volumes of ethanol. After centrifugation, the resulting pellet was washed 3-4 times with 3 M sodium acetate (pH 4.8). Finally, the pellet was redissolved in 0.3 M NaCl, and a second ethanol precipitation performed. After redissolving in water, the RNA was treated with RNase-free DNase (FPLC pure, Pharmacia). For somatic embryos, total RNA was extracted from 150 mg of material using an RNEasy kit (Qiagen kit). Poly(A)f RNA was column purified using an mRNA purification kit (Pharmacia). Northern hybridization was carried out using either 20 pg samples of total RNA or 2 pg samples of poly(A) + RNA.
The 32P-radiolabelled DNA probe used for this purpose was the same as for /z cDNA library screening.
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Somatic embryo culture
Somatic embryos were obtained from embryogenic suspension cultures using the process developed by de Touchet et al. (1991) and modified by Aberlenc-Bertossi et al. (1999) . After 4 weeks in hormone-free liquid medium, embryonic clumps were sieved (mesh size 1 mm) and directly plated (40 mg fresh weight -per Petri dish) onto solidified (0.8% agar) basal medium supplemented with sucrose (88 m M or 30 g 1 -I ) and casein hydrolysate (0.5 g 1-I). Embryos were subcultured every 7 days onto the same medium. During the first week, 5 pM 6-benzyladenine (BA) was supplemented to the medium. In this way, the first epidermized round embryos (1-2 im) appeared during the beginning of the third week of culture; these rapidly became ovoid (2-3 mm) and progressively elongated (4-6 mm) up to the end of the Arginine (added to 5 mM) was supplied to cultures obtained as described above after 1 week on gelled medium for 3 weeks. Over the same period, the effects of sucrose [added to either 175 m M (60 g 1-') or 263 m M (90 g l-')] were also tested. ABA was added in the medium during the third and the fourth weeks of somatic embryo development, at concentrations, respectively, of 0.1 and 1 pM (treatment b) and 1 2.5 and 5 m M (treatment c). For treatment a, no ABA was added to the medium. For protein analysis, 5 or 6 samples each containing 50 isolated embryos were collected, weighed and lyophilized after a total of 4 weeks of culture on solid medium. Salt-soluble proteins were extracted from somatic embryos as described by Morcillo et al. (1998a) and estimated by Bradford assay.
Observations and statistical analysis
Data were expressed relative to the control. The effects of each treatment were analysed on samples of 50 somatic embryos, using 6 replicates per treatment. A one-way analysis of variance was applied to test the effects of arginine or sucrose, or ABA on salt-soluble protein content [mg (50 embryos) -I]. When the effect was significant and showed more than two modalities, Newman's and Keuls' tests were used for multiple comparisons of categorical means (Newman 1939 , Keuls 1952 .
Results
Isolation and characterization of the GLO7A cDNA
We showed previously that 7s globulin synthesis peaks between 14 and 17 WAP in oil palm zygotic embryos (Morcillo et al. 1998a ). We therefore chose to extract mRNA from zygotic embryos harvested between 14 and 18 WAP for the purpose of cloning and characterizing a 7s globulin cDNA. Initially, a plasmid mini-library of 600 cDNA clones was constructed and screened for inserts corresponding to abundant inRNAs using a 32P-radiolabelled cDNA probe synthesized from 14-18 week zygotic embryo poly(A) f RNA. Using this approach, 70 clones of interest were identified, of which 18 were sequenced after being classified into groups on the basis of cross-hybridization experiments. By means of the NCBI Blast program (Altschul et al. 1990 ), 4 of the cDNAs sequenced were found to code for a vicilin-like protein. No nucleotide sequence divergence was observed between the 4 clones in question; thus, all would appear to correspond to the same 7s globulin gene. As none of the clones isolated contained a full length coding sequence, we screened a second cDNA library (constructed from 14-24 week zygotic embryos in the Stratagene vector Lambda ZAPII) with one of the truncated cDNAs (641). A putative full-length 7s globulin cDNA, GLO7A, was thus obtained. The GLO7A cDNA sequence has been placed in the Genbank database under the accession number AF250228.
The nucleotide sequence of GLO7A and deduced amino acid sequence of the protein which it encodes are shown in Fig. 1 . The GLO7A cDNA sequence is 1883 bp in length, which is in good agreement with the mRNA size of 1.9 kb estimated by northern hybridization (see below). Confirmation that the GLO7A cDNA is full length is provided by the presence of stop codons upstream of the putative translation initiation codon in the same reading frame. The GLO7A cDNA codes for a polypeptide of 572 amino acids (66 kDa) in size. The nascent GLO7A polypeptide is likely, in com-
moa with other plant storage proteins, to undergo extensive post-translational processing, passing through the endoplasmic reticulum lumen and Golgi apparatus to its final destination in the seed storage vacuole (Chrispeels 1991 , Shewry et al. 1995 . A putative signal peptide sequence of 28 amino acids was identified using the SignalP programme (CBS server Denmark). In addition, a search against amino acid motifs in the PROSITE database revealed the presence of a putative N-glycosylation site (see Fig. 1 ). The latter is consistent with our observation of glycosylation in oil palm 7s globulins (F. Morcillo, unpublished data) .
A comparison of the deduced GLO7A precursor protein sequence against those in the databases confirmed its close 1 6 affinities with 7s globulins, also known as vicilin-like proteins, from both monocotyledon and dicotyledon species. Fig. 2 shows an alignment of the GLO7A precursor protein sequence with the two 7s globulin sequences found to be most closely related to it by BLAST search. The two related sequences were obtained respectively from maize (Belanger and Kritz 1991, accession no A53234) and Macadamia integrifolia (Marcus et al. 1999 , accession no AAD54245). The GLO7A precursor polypeptide share 50.9 and 43.5% identical amino acid residues, respectively, with the maize and M. iiitegrifolia precursors. In addition to the signal peptide and 7s globulin invariant region (see Figs 1 and 2) , the GLO7A precursor also contains a hydrophilic region § +
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Estimation of gene family size and characterization of the GL07A gene 5' flanking region
To assess how many genes cross-hybridizing to GLO7A might be present in the oil palm genome, Southern hybridization was carried out using the full-length cDNA as probe. The result obtained (Fig. 3) suggests that GLO7A forms part of a small gene family, as 4 or 5 major bands and a number of fainter bands can be observed for each of the two restriction digests performed. As a first step in investigating how the expression of the GLO7A gene is regulated, we carried out the PCR amplification and cloning of a genomic region extending 1 kb upstream from the translation start codon. This 5' gene flanking sequence has been placed in the Genbank database under the accession number 330241. Although no potential TATA box could be identified, two ACACGT motifs resembling the CACGTG regulatory element involved in ABA responsiveness were identified at positions -332 and -437, respectively, with respect to the ATG translation initiation codon. In addition, a CGTACGT sequence resembling the GTACGTG motif thought to be involved in the regulation of expression of a rice glutelin gene (Takaiwa et al. 1991 ) was identified at -501.
Accumulation of 7s globulin mRNAs during zygotic embryo development
Zygotic embryo total RNAs harvested from seeds between 15 and 25 WAP were hybridized to the 641 cDNA (containing a 1.2 kb truncated form of the GLO7A cDNA; see developmentally regulated 1.9 kb transcript at all stages of zygotic embryo development studied (Fig. 4) Fig. 3 . Southern hybridization of oil palm genomic DNA digests to the GLO7A full-length cDNA. Tracks are labelled according to the restriction enzymes used for digestion as follows: B, BumHI; E, EcoRI. 238 medium and, by way of comparison, from zygotic embryos harvested between 14 and 17 WAP. In the case of the somatic embryos harvested after 29 days on solid medium, poly(A) f RNA was purified for analysis alongside the total RNA samples. Again, northern transfer and hybridization were performed using both the GLO7A 641 and 25s rRNA probes (Fig. 5) . Hybridization with the GLO7A probe revealed the presence, as previously observed, of a 1.9 kb 7s globulin mRNA species in zygotic embryos. No signal was observed, however, for the total RNA samples extracted from either pro-embryogenic aggregates or from somatic embryos. The only somatic embryo RNA sample in which the 1.9 kb transcript was detected was the poly(A) + sample extracted from somatic embryos grown for 29 days on solid medium. These results indicate that there is a lot less GL07A transcript accumulation in oil palm somatic embryos than in their zygotic counterparts and mirrors the situation observed at the protein level (Morcillo et al. 1998a ).
Combined effects of arginine, sucrose and ABA on 7 s globulin accumulation in oil palm somatic embryos
Previous studies performed in our laboratory demonstrated that the poor accumulation of 7 s globulins in oil palm somatic embryos could be improved by modifying the composition of the culture medium (Morcillo et al. 1998b (Morcillo et al. , 1999 . Three main types of molecule were found to exert an effect on storage protein accumulation in the treated somatic embryos: (1) osmotica such as sucrose and polyethylene glycol; (2) arginine and glutamine, which are important amino acid precursors of storage proteins; and (3) ABA. To dissect further the results obtained previously, we investigated the combined effects of arginine, ABA and sucrose treatment on somatic embryo total soluble protein content, 7 s globulin accumulation and dry matter yield. Statistical analysis of the results obtained demonstrated an absence of interaction between the various factors (arginine, ABA and sucrose), i.e. an additive effect that is in each case equal to the sum of the individual effects. For this reason, in order to simplify the presentation of the results, we have shown the effects of arginine, sucrose and ABA separately (in Tables 1,  2 Various differential effects are observed between the treatments employed. Sucrose has a more significant effect on dry mass production ( + 40%) than arginine ( f 18%) and ABA ( + 18%). The most significant effect on globulin accumulation on a per embryo basis was that obtained with ABA ( + 96%), as opposed + 57% for sucrose and f 29% ffor arginine. When the 7 s globulin data are expressed relative to dry mass, it can be seen that only arginine and ABA produce a significant effect [8'(1.56) = 8.67, P < 0.01, F(1.56) = 22.40, P < 0.001, respectively]. The effect of ABA was found to be two times greater than that of arginine. In the case of sucrose, the increase in embryo dry mass observed is likely to reflect an increase in starch synthesis to the detriment of protein accumulation.
In summary, as the arginine, sucrose and ABA treatments are additive in their effects, the best improvements in soluble protein and 7s globulin content were achieved in our experiments when all 3 molecules were included in the same ~ culture medium. In the experiments described here, the quantities of total soluble proteins observed in control embryos [2.5 mg (50 embryos)-'] rose to 6.3 mg (50 embryos) -in response to this combined treatment, representing a 2.6-fold increase. For 7s globulins, the corresponding quantities measured were 0.17 and 0.63 mg (50 embryos) -', respectively, representing a 3.8-fold increase in their accumulation. These results are a first step towards establishing new culture conditions favouring enhanced somatic embryo maturation. It should be noted nevertheless that the quantities of accumulated proteins measured in the experiments described here are still much lower than those found in zygotic embryos, which accumulate total soluble proteins and 7 s globulins at the approximate rates of 17 and 7 mg (50 embryos)-', respectively, during their development.
Effect of arginine, sucrose and ABA on the accumulation of 7s globulin transcripts in somatic embryos
To investigate whether the effects exerted by arginine, sucrose and ABA on somatic embryo protein accumulation could be correlated to transcriptional changes, northern analysis was carried out as described above. To facilitate the comparison of protein and mRNA data, the somatic embryo samples used for total RNA extraction were also used for the measurement of total soluble protein content. We previously showed that the changes in somatic embryo 7 s globulin content induced by arginine, sucrose and ABA are directly correlated to total soluble protein content (Morcillo et al. 1999) . Thus, any relationship observed between GLO7A transcript abundance and total soluble protein should reflect a similar relationship between GLO7A transcript abundance and 7s globulin content. The results obtained are shown in Fig. 6 . As observed previously, the addition of arginine to the culture medium resulted in an increase in soluble protein content and, by extrapolation, increased 7 s globulin accumulation. There was no corresponding difference between the northern hybridization signals observed for the control and arginine-treated embryos; however, it would appear that addition of arginine to the culture medium has little or no effect on steady state amounts of GLO7A transcripts. One possible explanation why arginine addition causes an increase in both soluble protein content, and in particular 7s globulin accumulation, is that an increased availability of this amino acid might allow higher amounts of synthesis of arginine-containing proteins through increased precursor availability.
The effects of ABA treatment on the accumulation of 7s globulin mRNA were examined by culturing somatic embryos under two different regimes, both involving a progressive increase in ABA concentration to avoid any adverse effects on embryo development. The treatments involved adding ABA to the medium during the third and fourth weeks of culture at respectively 0.1 and 1.0 pA4 (treatment b) or 2.5 and 5 pA4 (treatment c). It can be seen in Fig. 6 that only when condition c is used is there an increase in accumulation of 7s globulin mRNA. These northern hybi-idization data contrast with the soluble protein measurements obtained from the same embryo samples. Increased total soluble protein content was observed for both of the ABA treatment regimes used; however, the increases did not differ greatly ( f 109% for treatment c against f 82% for treatment b with respect to untreated embryos). As the total soluble protein measurements can be assumed to reflect similar changes in 7s globulin content (Morcillo et al. 1998b and data described above), it appears that the increase in 7s globulin content induced in somatic embryos by ABA can be partly explained by an increased accumulation of 7s globulin transcripts. However, with treatment b, an increased protein accumulation is observed in the absence of any visible increase in transcripts while with treatment c, the increased 7s globulin transcript accumulation is proportionally higher than the increased protein amounts measured. It is therefore possible that there is a translational or post- translational mechanism operating which limits the accumulation of proteins in the presence of ABA under the experimental conditions.
In response to sucrose treatment, steady state amounts of 7s globulin transcripts increased. Both sucrose treatments (175 and 263 mM) produced a strong induction of 7s globulin mRNA accumulation; however, the signal observed with 263 mM sucrose was only slightly stronger than that observed with the 175 m M treatment. The corresponding total protein contents measured were also similar in both cases ( + 72% for 175 m M and -t 76% for 263 mM). The positive effects of sucrose on soluble protein content and 7 s globulin accumulation have already been reported (Morcillo et al. 1998b) . Taken together, the mRNA and protein accumulation profiles indicate that sucrose treatment results in increased 7s globulin accumulation, which is explained in part by increased transcript abundance. However, the increases in 7 s globulin transcript observed are proportionally higher than the corresponding increases of the protein. Thus, it would appear, as for ABA treatment, that there are translational or post-translational constraints, which limit the accumulation of 7s globulin proteins in response to sucrose treatment. In zygotic embryos, the accumulation of steady state 7s globulin mRNAs appears to follow closely the pattern observed at the protein level, starting at the end of the zygotic embryo growth phase, once embryogenesis is complete (Morcillo et al. 1998a ). Transcriptional regulation therefore may play a major role in determining the pattern of 7s globulin accumulation observed in oil palm zygotic embryos, as is thought to be the case for many plant storage proteins (Morton et al. 1995) . In somatic embryos, only a low amount of 7 s globulin transcript accumulation was observed as compared with zygotic embryos. This mirrors the situation seen at the protein level and raises the possibility that the low accumulation of 7 s globulin proteins witnessed in somatic embryos may be a consequence of poor mRNA accumulation. The latter effect could also be compounded by the partial hydrolysis of synthesized proteins (Morcillo et al. 1998a ). Our studies of 7s globulin gene expression in oil palm somatic embryos have revealed a situation similar to those observed for other plant species, although amounts and patterns of expression vary considerably (Crouch 1982 , Shoemaker et al. 1987 , Stuart et al. 1988 , Misra 1994 , Thijssen et al. 1996 . Several hypotheses have been put forward to explain the frequently low level expression of storage protein genes in somatic embryos. These include precocious protein hydrolysis (Attree and Fowke 1993), poor transcript accumulation (Krochko et al. 1992 ), a lack of amino acid precursors necessary for higlilevel storage protein synthesis (Nomura and Komamine 1995) or the absence of maternal signals normally required for the attainment of embryonic maturity in whole plants (Koltunow et al. 1996) . In the latter case, one molecule, which is thought to play a key role, is ABA, which in carrot and rubber is synthesized in much smaller quantities in in vitro-derived somatic embryos than in zygotic embryos (Kamada and Harada 1981, Etienne et al. 1993 ).
'a Discussion
Effects of exogenous ABA on 7s globulin mRNA and protein accumulation
Our experiments on oil palm somatic embryos have shown that the addition to the culture medium of arginine, ABA or sucrose under defined conditions enhances yields of proteins and dry matter as a whole, without causing any observable Physiol. Plant. 112, ZOO1 detrimental effects on embryo morphology. The combined use of the 3 aforementioned compounds gives the highest protein accumulation. No synergistic effects were observed between the individual treatments when combined, in contrast to previous observations of interactions between ABA and sucrose treatments for gymnosperms (Misra 1994) or rape (Finkelstein and Crouch 1986) .
In contrast with the effects observed for ABA and sucrose, the positive effect exerted by arginine on 7s globulin accumulation appears to be explained by its key role as a precursor of protein synthesis. The effect of adding arginine to the culture medium is thus to increase the rate of translation of 7s globulin mRNAs, which do not show altered abundance. In the case of ABA treatment, the accumulation of 7 s globulin proteins is clearly enhanced when the higher concentration negime (2.5/5 pM) is used. In this case, the increased accumulation of globulin protein is accompanied by a corresponding increase in mRNA accumulation. ABA is therefore likely to play a role in the transcriptional or post-transcriptional regulation of the expression of the GL07A gene. A similar situation has been observed for somatic embryos of spruce (Leal et al. 1995) . In the case of oil palm, although ABA has a clear positive effect on GL07A transcript accumulation, the link with increased 7s globulin abundance is not absolute, the latter occurring at the lower concentration ABA treatment in the absence of increased transcripts. The effects of ABA on 7s globulin accumulation therefore may be determined to a minor extent by other factors such as a regulatory effect of ABA on translation and/or globulin protein degradation.
In the case of the zygotic embryo, the stimulatory action of ABA on the synthesis of storage proteins has already been extensively investigated, io particular through studies performed on immature embryos (e.g. Eisenberg and Mascarenhas 1985, Finkelstein et al. 1985) and by the characterization of ABA-deficient mutants (Koornneef et al. 1989, Finkelstein and Sommerville 1990) . The 'mechanism of action of ABA in the induction of expression of various genes has been investigated by functional promoter analysis and a cis-acting promoter element, the ABRE (ABA responsive element), involved in the determination of ABA responsiveness, has been identified (Skriver et al. 1991) . In the case of the oil palm GLO7A gene, the two ACACGT sequence motifs resembling the conserved CACGTG motif found in many ABA-responsive promoters identified -332 and -437, respectively, upstream from the translation initiation codon may be of significance in explaining the effects of ABA treatment observed in our experiments.
Effects of exogenous sucrose on 7s globulin mRNA and protein accumul.ation
In our experiments performed to examine the effects of sucrose treatment, we observed an increase in GLO 7A transcript abundance in oil palm somatic embryos, which was accompanied by a comparable increase in the abundance of globulin proteins. This effect was observced with both concentration of sucrose used. Thus, sucrose appears to exert a positive effect on globulin gene expression either by enhancing the synthesis of globulin mRNAs or, alternatively, by inhibiting their degradation. The effects of exogenous sucrose observed here for oil palm somatic embryos do not depend upon the Co-addition of ABA, in contrast to the situation observed for alfalfa (Lai et al. 1992) . Two different hypotheses have been put forward to explain the action of sucrose on storage protein gene expression. One possibility is that the effects of sucrose treatment take place via an osmotic stress. As ABA synthesis is enhanced by water stress (Skriver and Mundy 1990) , there would be in turn an increased expression of genes under the control of ABRE promoter sequences, thereby resulting in an indirect induction of AB -dependent genes. Alt,ernatively, sucrose might act throug an ABA-independent mechanism (Finkelstein and Crouc 1986, Xu et al. 1990) , possibly by activating the expression f genes possessing a 'drought response element' (Bray 1993 I Giraudat et al. 1994 in their promoter region.
Although we are unable to exclude either of these two hypotheses as providing a possible explanation for our results, it should be noted that the GLO7A promoter sequence was not found to contain any sequence motifs resembling those of the 'drought response elements' characterized to date.
In conclusion, the present work described here has allowed the identification of 7s globulin proteins and transcripts as biochemical and molecular markers of oil palm zygotic embryo maturity. This in turn has allowed us to study more precisely the influence of key tissue culture medium components in the accumulation of storage proteins in oil palm somatic embryos. The Co-addition to the culture medium of arginine, ABA and sucrose results in an approx-
